ABSTRACT
INTRODUCTION
The revenue lost by commercial losses represents an important parcel in the invoicing of the companies. One of the main problems to recover this revenue is the difficulty to estimate the energy consumed, caused by absence of records from the measurement equipment, normally caused by fraud. The regulation that deals with the irregularity findings and the retroactive recovery of the energy consumed by fraudsters is given by the national regulating agency [1] , through three points. The objective of this study was to develop a methodology to estimate the energy spent by consumers on the basis of the procedures of the regulation mentioned, focusing the cases fit on one of the possibilities, which deal with the consumption estimation by the installed power. The methodology implemented evaluates the demand and load factors endorsed by measurements. The object of this paper corresponds to the indication of the concepts used, the description of the methodology adopted to esteem the factors and the results found.
REGULATION
The regulation that is the legal device to conduct the finding of irregularities and the way to effect the retroactive recovers is in Resolution ANEEL number 456/2000, in its articles 72 to 78. In particular, the article that deals with the retroactive recover of the revenue frauded is the number 72, in its proposition IV, translated below. This way, the revenues recovery related to the difference between the invoiced value and that one effectively consumed must be based in the points: "A", "B" or "C" of the proposition IV mentioned above. The point "A" deals with frauds that can have its revenues recovered after a technical analysis. Point "B" deals with the cases where a "step of consumption" can be verified and whose revenue verification to recover does not present greater difficulties. The cases that fit under point "C" require the consumption or demand estimative based on the installed load and demand factors from consumers with similar activities. This study focused the cases fitted under this point.
METHODOLOGY
The first stage of the process was the organization of the necessary data in a single database, sufficient for the accomplishment of all the calculations and reports. The necessary information is divided in record blocks, for each type of customer:
• Regular -invoiced demands for last the 24 months, consumption class and activity, daily load curves and installed power; and • Fraudsters: consumption class and activity and installed power. Initially, the data obtained have been analyzed with the objective of eliminating errors. The main filters applied tried to exclude, mainly, the customers with consumption instabilities or errors in reading, measurement and records. The process developed works the record blocks individually, organizing the information in agreement to the necessity of the methodology. The first block analyzed is the one with the fraudsters, illustrated in Figure 1 . The data are obtained through two sources, the energy company's records and the field team reports. In this stage, the inspected installed power of each customer is related to its consumption class and strata, generating this database block. The remaining of the process, composed by the database complementation and the calculation stages, is presented in Figure 2 .
Figure 2 -Main process
The base of regular customers is formed by the association of the company records, the field research of consumption ( [3] , [4] ) and the measurement campaigns. Once the data is organized, the following are calculated: the load and demand factors, their correlation with the installed power and the estimated energy of the fraudsters. The stages of calculation are detailed below. 
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Load and demand factors
The calculations of the load and demand factors have been carried through for the residential, commercial and industrial classes. The residential class was stratified by city and the commercial and industrial classes by the registered activities (i.e. pub, warehouse, religious entity, restaurant, civil construction, plants, etc.). For the determination of the load and demand factors the following equations are used:
Where:
• Fl -Load factor;
• Fd -Demand factor;
• Dav -Average demand, it is the relation between the total energy consumed and the period of measurement (kW); • Dmax -Maximum demand, it is the biggest demand of a curve (kW); and • Pinst -Installed power. It corresponds to the addition of the power of all the equipment installed in the client.
The load and demand factors calculated, for the activities of the commercial class, can be observed in the example of Figure 3 . 
Correlation
From the values of the load and demand factors and the installed power, the establishment of a correlation model is possible, where the relations are defined from one or more equations. This way, the consumption of the clients can be esteemed from their installed powers. The correlations have been done through statistical models of regression, with a least squares analysis [2] . The equation with better results in the tests was in the form presented bellow.
The calculations can be executed by class, activity, or combinations of activities. In Figure 4 , the equations and curves of the regressions for the residential class are illustrated. 
Estimative of the consumed energy
The estimative of the consumed energy is calculated individually for each fraudster, through the equation below.
• E -Energy. It is the energy esteem by the customer for each month during the fraud (kWh); and • Fl and Fd -They are the factors calculated for the class and activity of the customer in study. 
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CASE STUDY
After the processing of the data available, curves of installed power by the load and demand factors have been generated. Regressions for the residential, commercial and industrial classes have been done. For the residential class, the stratification was done by city. Commercial and industrial classes were separated by the activity. The following graphs present the curves found for the commercial class, activity Pub, as an example. The following table presents the comparative between the results obtained by this methodology and the previous one, for the commercial activity pub. 
CONCLUSIONS
This study provided the estimative of energy consumption, for fraudsters, using the regression of regular consumers' data, following with severity the national agency regulation (ANEEL) in its resolution 456/2000. The comparisons carried through between the method developed and the previously available technique demonstrate the real necessity for periodic updating of the load and demand factors database, once the technological evolution of electrical equipment and the variation in the consumption characteristics provoke changes in the energy consumption throughout time.
The values presented are a good reflection of the behavior of the sample studied and can be improved with the addition of new measurement campaigns or simply with the sporadical update of the data.
